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(54) LIQUID CRYSTAL DRIVING POWER SOURCE CIRCUIT 
<57)Ahstract: 

PROBLEM TO BE SOLVED: To make H possible to switch an 
output Impedance of an Squid crystal drive voltage output according 
to a load condition of a liquid crystal panel 
SOLUTION: This liquid crystal driving power source circuit is 
composed of a reference voltage generation circuit 101 for forming 
driving voltages at plural levels, vortage-fbttower type buffer 
amplifiers 102, 107, til far converting V1, V2, and V3 in impedance, 
comparators 103, 106, 110 provided with input offsets for co mparin g 
the outputs of the buffer amplifiers with the inputs of the buffer 
amplifiers, and load circuits to the driving voltages controlled by the 
outputs from tile comparators. Zh such a manner, there is the effect 
of realizing a low current consumption in a Squid crystal driving 
voltage output cfrcuit by reducing the output impedance of the 
liquid crystal driving circuit only in a necessary oa$e according to a 
load of an arbitrary size of a liquid crystal panel Moreover, it b 
unnecessary to connect a capac itor for stabilizing the liquid crystal 
output and also rt become* pessibt* to reduce the number of parts 
and the number of terminals of the semiconductor I nt e g r at ed circuit 
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CLAIMS 



[Claim(s)] 

fClaim 1] The liquid crystal reference 
voltage generating circuit which forms 
the driver voltage of two or more level in 
a semiconductor integrated circuit, The 
voltage follower mold buffer amplifier for 
carrying out impedance conversion of 
each liquid crystal drive reference voltage 
formed of said liquid crystal reference 
voltage generating circuit, The 
comparator which gave input offset 
voltage intentionally for comparing said 
liquid crystal drive reference voltage 
inputted into the noninvcrting input of 
tbo liquid crystal driver voltage 
outputtcd from said buffer amplifier, and 
said buffer amplifier, The liquid crystal 
drive power circuit characterised by 
consisting of a load circuit to said driver 
voltage controlled by the output from said 
comparator. 



[Translation done J 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the liquid crystal drive power 
circuit of a semiconductor integrated 
circuit. 
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[0002] 

[Description of the Prior Art] In the 
conventional liquid crystal driver voltage 
generating circuit, in order to reduce the 
penetration currents which flow to an 
output stage, like drawing 2 , the output 
of the liquid crystal driver voltage VL 1 
by the side of VDD consists of 
combination of the P-channel MOS 
output 203 and the load 203 with a 
built-in VSS side, and the output of the 
liquid crystal driver voltage VL 2 by the 
side of VSS consists of built-in loads 307 
by the side of the N-channel MOS output 
308 and VDD conversely, as shown in 
drawing 3 . Said built-in load is formed of 
an MOS transistor or a resistance 
component, and the built-in load of each 
liquid crystal drive output circuit serves 
to stabilize a liquid crystal driver voltage 
output at this time. As shown in dr awing 
g , VI is liquid crystal reference voltage, 
said VL1 is the output by which 
impedance conversion was carried out in 
the liquid crystal reference voltage VI in 
the buffer amplifier circuit by which 
voltage follower connection was made. 
The size of a liquid crystal panel is large, 
and when the liquid crystal panel load to 
the liquid crystal driver voltage output 
VL 1 is large, the output of VLl will be 
lengthened to + potential and - potential 
side. Since the output stage of buffer 
amplifier consists of a transistor of Pch, 
and a load by the side of VSS in the case 
of VLl output, the correspondence to the 
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load by the side of + potential is easy. 
However, since the output of VLl 
requires the load by the side of + 
potential depending on the timing of a 
liquid crystal drive wave, in order to 
stabilize the output of VLl at this time 
and to maintain the quality of a liquid 
crystal display, it is an ideal to make into 
low impedance the built-in load by the 
side of VSS built, the output, i.e. ? the 
power circuit, of buffer amplifier. 
However, since a current will be regularly 
passed for a built-in load, when the 
consumed electric current in a liquid 
crystal driver voltage generating circuit 
iB taken into consideration, it is 
necessary to raise an impedance to some 
extent. Similarly, although the 
correspondence to change of the load by 
the side of + potential of VL2 output is 
easy since the output of the liquid crystal 
driver voltage VL 2 by the side of VSS 
consists of built-in loads by the side of the 
N-channel MOS output and VDD, as for 
the built-in load by the side of VDD, it is 
desirable that it is low impedance 
because of the correspondence to the load 
by the side of - potential. 
f0003l Although it was possible to have 
designed the optimal power circuit by 
setting up a load with a built-in VDD side 
and a load with a built-in VSS side in 
consideration of power consumption 
when the size of the liquid crystal panel 
to drive was fixed, in the general -purpose 
liquid crystal drive circuit included in an 
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one'ehip microcomputer etc., the size of 
the liquid crystal panel to drive was 
unfixed, and it was difficult to offer the 
liquid crystal driver voltage generating 
circuit suitable for the load of various 
liquid crystal panels. 
[0004] For this reason, with the 
conventional technique, since it enabled 
it to correspond to the load effect at the 
time of a drive wave change rate with a 
large change of the load to the liquid 
crystal driver voltage output under liquid 
crystal panel drive as shown in drawing 
4 , it corresponded by changing a load in 
accordance with the timing from which a 
liquid crystal drive wave switches. 
[0005] By making a built-in load increase 
at the time of the timing from which a 
liquid crystal drive wave switches by this, 
the output impedance of buffer amplifier 
is lowered and fluctuation of the load of a 
liquid crystal panel is supported. Or the 
exclusive terminal for outputting liquid 
crystal driver voltage is prepared on a 
semiconductor integrated circuit, the 
capacity for driver voltage stabilization 
between power-source glands is 
connected with said exclusive terminal, a 
liquid crystal drive wave switches by 
storing up a charge in capacity, and 
fluctuation of the drive load of the rapid 
liquid crystal panel at the time is 
supported. 
F0006] 

[ProblemCs) to be Solved by the 
Invention] By the conventional method, 
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in order to stabilize liquid crystal driver 
voltage, capacity needed to be connected 
to the semiconductor integrated circuit 
exterior. For this reason, the components 
to mount will increase and it leads to the 
cost rise of mounting. On the other hand, 
for a semiconductor integrated circuit, 
since it is necessary to prepare the 
terminal of a liquid crystal drive output, 
the fault that the chip size of a 
semiconductor integrated circuit cannot 
be made small arises. 
[0007] moreover, as an approach of 
reducing the capacity for stabilization of 
the liquid crystal driver voltage of the 
semiconductor integrated circuit exterior 
Although there is the approach of raising 
the response to the liquid crystal panel 
load of a liquid crystal driver voltage 
output by the drive wave of liquid crystal 
switching like drawing 4 , enlarging the 
built-in load current of a liquid crystal 
driver voltage output at the time, and 
lowering the impedance of an output 
Since it is not based on the size of a liquid 
crystal panel, and the situation of a load 
but the load current is passed periodically, 
the power consumption in a liquid crystal 
driver voltage generating circuit will 
become large. Furthermore the size of a 
liquid crystal panel becomes large, and 
there is fault that the time amount is too 
short and the quality of a liquid crystal 
display deteriorates depending on the 
timing which passes the built-in load 
current when the load of a liquid crystal 
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drive is large. 
[00081 

[Means for Solving the Problem] The 
liquid crystal reference voltage 
generating circuit which forms the driver 
voltage of two or more level in a 
semiconductor integrated circuit, The 
voltage follower mold buffer amplifier for 
carrying out impedance conversion of 
each liquid crystal drive reference voltage 
formed of said liquid crystal reference 
voltage generating circuit, The 
comparator which gave input offset 
voltage Intentionally for comparing said 
liquid crystal drive reference voltage 
inputted into the noninverting input of 
the liquid crystal driver voltage 
outputted from said buffer amplifier, and 
said buffer amplifier, It is characterized 
by consisting of a load circuit to said 
driver voltage controlled by the output 
from said comparator. 
[0009] 

[Function] According to this invention, as 
shown in drawing 5 , the comparator 
constituted by 511 to 515 compares the 
liquid crystal driver voltage output VL 1 
which carried out impedance conversion 
of the Vl and VI which are liquid crystal 
reference voltage with the buffer 
amplifier constituted by 501 to 507 and 
510. By making the N-channel MOS 
transistor 509 linked to the load by the 
side of VSS turn on, and increasing the 
built-in load 508 by the side of VSS, when 
the output potential of VL1 has shifted to 
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the VDD side with the load of a liquid 
crystal panel The output impedance of 
the liquid crystal driver voltage output 
VL 1 is made low, and the output 
potential VL 1 from buffer amplifier is 
stabilized. When completed as the same 
electrical potential difference as VI by 
the output voltage of VLl, by making said 
N fc channel MOS transistor 509 turn off, 
and making a built-in load only into the 
MOS transistor of 507, the current 
consumed in the output stage of buffer 
amplifier is reduced. 

[0010] Also about the liquid crystal driver 
voltage output VL 2 by the side of VSS, 
the output impedance of the buffer 
amplifier of the liquid crystal drive 
output VL 2 is controlled by the same 
method, and the output voltage of VL2 i$ 
stabilized. 

[0011] Furthermore, MOS transistor 501 
and MOS transistor 514 of an actuation 
magnification stage of the 
above-mentioned comparator circuit 
shown in drawing 5 are formed so that 
the channel length of a transistor may 
differ, respectively, and thereby, they are 
giving input offset voltage VOF 
intentionally. By lengthening the channel 
length of MOS transistor 514 compared 
with MOS transistor 513, the offeet 
voltage of plus called judgment 
clectrical-potential-diiBference =VLl+VOP 
is given. It prevents that the N-channcl 
MOS transistor linked to the load by the 
side of VSS in the condition of Vl=VLl 
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which is a stable state by this always 
■ turns on, and has an operation of 
preventing the increment in the 
consumed electric current. 
[0012] As mentioned above, the above 
effectiveness is acquired to each voltage 
outp ut by ** which takes the same 
configuration as each liquid crystal driver 
voltage output. 
[0013] 

[Embodiment of the Invention] Draw ing 
1 is drawing equivalent to claim 1 of this 
invention. 101 in drawing is a reference 
voltage generating circuit which 
generates the reference voltage for a 
liquid crystal drive. From this reference 
voltage generating circuit, the reference 
voltage of two or more level according to 
the drive bias of a liquid crystal panel is 
outputted* One example of this reference 
voltage generating circuit is shown in 
drawing 6 - Dr awing 6 is an example 
when outputting the liquid crystal drive 
reference voltage of 1/3 bias. + Fixed 
resistance Rl, R2, and R3 and variable 
resistance R4 divided between the side 
power source VDD and - side power 
source VSS, and the reference voltages 
VI, V2, and V3 Tor a liquid crystal drive 
are generated. By making resistance R4 
in a semiconductor device into variable 
resistance, liquid crystal driver voltage 
can be adjusted and contrast adjustment 
of a liquid crystal display is attained. 
Since the resistance of Rl to R4 is 
comparatively high in order to reduce the 
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consumed electric current, and it is 
necessary to set up, the output 
impedance of VI, V2 ¥ and V3 becomes 
high. 

[0014] 102 and 103 of drawing 1 are the 
buffer amplifier for carrying out 
impedance conversion of the liquid 
crystal drive reference voltage of VI, V2, 
and V3 from the reference voltage 
generating circuit for a liquid crystal 
drive, and connection is carried out with 
the voltage follower. VLl, VL2, and VL3 
are the outputs of liquid crystal driver 
voltage by which impedance conversion 
was carried out with the buffer amplifier 
102,106,110. Since the load by the side of 
the minus to VL2 and VL3 becomes main 
as a liquid crystal panel load of VLl 
which is an output near VDD, the output 
buffer of P-channel MOS as shown in 
drawing 2 is chosen. Conversely, since the 
liquid crystal panel load to the driver 
voltage output of VL2 and VL3 becomes 
main [ the load by the side of plus ], the 
output buffer of N-ch&nnel MOS as 
shown in drawing 3 is chosen. 
[00151 Here, VLl with the P-channel 
MOS output buffer is explained. 103 in 

drawing 1 is a comparator which 

compares the voltage level of the output 
VL 1 of the buffer amplifier of 102, and 
the noninverting input VI of buffer 
amplifier. Connection of the output of this 
comparator is carried out to the gate of 
N'channcl MOS which controls the 
built-in load by the side of VSS of VLl of 
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104, and it controls the built-in load 
current to VLL When the voltage level of 
VLl inputted into the noziinverting input 
of a comparator 103 is higher than the 
voltage level of VI inputted into the 
reversal input of a comparator 103, a 
high level is outputted and N-channel 
MOS which controls the load to VLl of 
105 turns on the output of a comparator 
103. Conversely, when the level of VLl is 
lower than the judgment electrical 
potential difference of a comparator 
which is the sura of the offset voltage 
VOP given to the actuation stage of Vl 
inputted into the reversal input of a 
comparator 103, and a comparator 103, 
N-channel MOS of 105 turns off and 
reduces the consumed electric current. 
The load of 104 controlled by the 
N-channel MOS transistor of 105 may be 
determined in consideration of the area 
which a manufacturing cost and its load 
occupy, may be formed of a diffused 
resistor or the resistance component of 
POLY by which ion implantation was 
carried out, and may consist of MOS 
transistors. Moreover, it is imagined 
easily that there is no problem in the load 
to MOS which controls the load of 104, 
and VLl of 104 acquiring the 
effectiveness of this invention even if 
MOS of 105 is inserted in the VLt side by 
the situation and the load of 104 is 
inserted in the VSS side in any way. 
TOO 16] One example in the transistor 
level of this invention is shown in 
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drawing 5 . The inside VG of drawing is 
intermediate voltage with a certain fixed 
value generated from a current regulator 
circuit. The current consumed by buffer 
amplifier and the comparator with this 
electrical potential difference is 
controlled. It consists of an MOS 
transistor of 501 to 507, and resistance 
510 the buffer amplifier sections which 
carry out impedance conversion of the 
input of VI to VLL The Nchannol MOS 
transistor of 507 is a minimum load for 
stabilizing VLl, and, in the case of this 
invention, the value of this load current 
does not have a problem by several 
microampere or the load not more than it. 
It consists of MOS transistors of 511 to 
515 the comparator. The voltage level of 
VI is compared with the voltage level of 
VLl, and the MOS transistor of 509 is 
controlled by the result. In order to give 
input offset voltage, size is changed and 
the MOS transistor of 513 which consists 
of Miller circuits, and the MOS transistor 
of 514 are formed so that the capacity 
may differ. 

[0017] In the case of drawing 5 r the 
capacity of the MOS transistor of 514 is 
set up so that it may become small 
compared with the capacity of the MOS 
transistor of 513. The input offset voltage 
by the side of plus is given to the 
comparator which consists of MOS 
transistors oF 511 to 515 by this. It is 
easily realizable by setting up channel 
length for a long time as an approach of 
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adjusting the capacity of the MOS 
transistor of 514 small, compared with 
the MOS transistor of 513. Narrowing 
channel width otherwise can also respond. 
It is realizable also by being on 
manufacture about the threshold voltage 
of 514 as further 513, and adjusting. It 
connects with the MOS transistor of 509 
and the output of this comparator 
controls ON/OFF of the load of 508- The 
load current to VLl which flows for the 
load 508 when MOS of 509 turns on with 
the output from a comparator needs to be 
set up more greatly. Although making it 
operate even if it loses the load of 507 in 
the example of dr awing 5 , of course does 
not have a problem, when the speed of 
response of a comparator etc. is taken 
into consideration, low 

oonsumcd-electric-current actuation by 
which the direction which gave a certain 
amount of load current as constituted in 
507 was stabilized is realized. It is 
possible to acquire the above-mentioned 
effectiveness with constituting a circuit 
similarly about the output of VL2 and 
VL3. However, the output turns into the 
N-channel MOS output about VL [ of 1 / 3 
bias liquid crystal drive circuit ]2, and 
VL3 output. It becomes possible to make 
the liquid crystal driver voltage which 
changed the output impedance 
automatically and was stabilized by the 
above by controlling the load current of 
the output of liquid crystal driver voltage 
in accordance with the load profile 
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initiation of a liquid crystal panel output. 
[0018] 

(Effect of the Invention] According to this 
invention, the liquid crystal driver 
voltage output after currying out 
impedance conversion of liquid crystal 
drive reference voltage and the liquid 
crystal drive reference voltage is 
measured, and it becomes possible by 
controlling the load of a liquid crystal 
driver voltage output by the comparison 
result automatically to change the output 
impedance of a liquid crystal driver 
voltage output according to the situation 
of the load of a liquid crystal panel. For 
this reason, in a single liquid crystal 
driver voltage output circuit, it becomes 
possible to offer the optimal liquid crystal 
drive power circuit for each, and it 
swerves and a small liquid crystal panel 
to the small liquid crystal panel with big 
size of a load can consider as the 
necessary minimum consumed electric 
current at **. Moreover, since the need of 
connecting the capacity for stabilizing a 
liquid crystal driver voltage output to IC 
exterior in order to control automatically 
the output impedance of a liquid crystal 
driver voltage output by the liquid crystal 
driver voltage output circuit is lost and 
arrangement of the terminal for capacity 
connection becomes unnecessary, the 
liquid crystal driver voltage output 
circuit by this invention becomes possible 
[ offering a small liquid crystal driver 
voltage ouLput circuit]. 



[Translation done.] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] The liquid crystal driver 
voltage output circuit Fig. showing the 
circuitry of claim 1 of this invention. 
rPraw ing_al The Pch-MOS output circuit 
Fig. of the conventional liquid crystal 
driver voltage output circuit, 
[Drawing 3l The Nch-MOS output circuit 
Fig. of the conventional liquid crystal 
driver voltage output circuit. 
[Drawi ng 4l Drawing of the conventional 
liquid crystal driver volta ge output 
circuit. 

[Drawing 51 The Pch-MOS output detail 
circuit diagram of the liquid crystal 
driver voltage output circuit of this 
invention. 

[ Drawing B\ Liquid crystal drive 
reference voltage generating circuit 
diagram. 

[Description of Notations! 

LCD Reference Volatge Generator 

Liquid crystal reference voltage 
generating circuit 

BUFFEK AMP Operational amplifier 

with which voltage follower connection of 
[ for carrying out impedance conversion of 
the liquid crystal reference voltage ] was 
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made 

COMPARATOR Comparator 

LOAD Current load circuit to a liquid 

crystal voltage output 

VDD + side power source 

VSS • side power .source 

VI 1st liquid crystal reference 

voltage 

V2 2nd liquid crystal reference 

voltage 

V3 3rd liquid crystal reference 

voltage 

VLl ...... 1st liquid crystal driver voltage 

output 

VL2 — 2nd liquid crystal driver voltage 
output 

VT-3 3rd liquid crystal driver voltage 

output 

VG Intermediate voltage with the 

fixed value generated from a current 
regulator circuit 

Pch Output P-channcl MOS output 

Nch Output ,..„. N-channel MOS output 

LOADRcsistor Resistance load 

LCD Drive Waveform Liquid crystal 

drive wave 

Vbias Liquid crystal driver voltage 

output load control signal 

Rl Resistance of the 1st of a liquid 

crystal reference voltage generating 
circuit 

R2 Resistance of the 2nd of a liquid 

crystal reference voltage generating 
circuit 

R3 Resistance of the 3rd of a liquid 

crystal reference voltage generating 



circuit 

R4 The -1th variable resistance of a 

liquid crystal reference voltage 
generating circuit 



[Translation done.1 
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!?^^ns-e*i^v i=vli «»wv s sm^(o 

£m£ifcScLrv**N?E!MOS h^i^^^moN 
[00 13] 

mm<r>ui&mm\ wi»*««b<osb3Risi ictfw 

0tK4lcJ:9ft*IU ftKHBriliosmfEV), V 
2. vatw.uws. #ttttKfW<0tfttR4fciT 



<3) #l# 2 0 0 0 - 1 1 T 8 6 7 

4 

»if*^«.M<**fc». vi, v2, vsoiww:/ 

[0014] Si COi 0 2*?-fclM 0 3^SC&@!$)^0 
»ne«ffi«4L0»^6©V L, V2, V 3 <^«?^,«alfiti3K 
n*lfflE«r*f > tf-^V * 5E8W 3 fc«><7) '< ?777^ 

VL2, VL3li/^7r7^/1 0 2, 1 0 6, 1 1 
0 K J: 0 >f > tf- ^v^K«*#vfcl».M«i«EE«oHJ^ 

ffii: LtliVL 2, vjl 3^<Dv{i-xM'^<D'&Vr&± 
ht£&1tti>* B2ir.^TJ: 54PfiMOS«)|li^y7 

Itf 3 fcl5*f- .£ v 4 NlMO S <0 tfcS y 7 r *<8!K 2 iX 

[0 0 15J i«l4PfiMOSIiW)^y7 7*J*ofc 
VL 1 lCO^"CSMM-S. l££l 1*4)1 03111 0 2<3/< 
y777y/^VLl *'<*7rrioV)#ECA 

20 ^vi^^ii^/v^it^-ffiifcS^-c^^, r.wjttt 

ftTSf««*iM«M-5. JtttWl 0 3^JKKA^(3A^3 
Sh*VL iO«0Eu^asittt»l 0 3 0jE^A^7(r. 

0 3co^fcA^^A^**irv^ v 1 i:tfc 

30 OiftlTfeS. Jt**flO*J36«ffi.t !J«£^«^=I1 10 5 
ONSMOSttOfFU fMKB88*ffitt1"fi. 105 

^^■e«*s*urt J:v\ 1 0 4**MMriM|iPi* 
SMO Sil04OVLl ^»ftAllttMt£ J: 9 , 10 
BOMOSi«VLl«^4ft, 10 4^?5iWS 
S M~-&A t>4=3SW ©left A, *b we 

40 ^SRv^»eAnsi<bs^$. 

[0 0 16] S5l.:^^£OTOh7>'i > 7L^U^</>X^l 
ow^j^^t. ^+VGI±^lfi»eEl^.t!3^in 

9 ^< y ^ r T iVlt«»iPH»6 *15««^«B1W 
a?iX^, 5 0 6 0 7<EMOS h^^-^^^^S.tt/ 

«ta5 1 0XtfiFfiR^ix-5tf>^Vl WA^^VL 1 

i-r-yx^^i-^^y^rrxygsxfcs., 6 0705 
NffiMOS hvisVxfiXVL i«r«S<fc^Sfc^i5 

50 ^^^Drx^rjKfcrt^-narco^A^^t^ 5 
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1 lXhfc S i 5«MOS V=?:s\sW?mi&2in,X\^ 
^fcJtttU *-<0*WKrf:i.fc>> 5 0 9OMOS 
MOS fi?y^^i5 1 403MOS hf^VxfnA 

[0 0 1 7] H5 4>tt<fr. 5 I 4(DMOS 

s t scomos h y ^i?x#^m&£fr&i£&%KV--si? 

*foioO 70/^-7 -try MgEEfr^fctf-CV^. 6 1 4 <DVT 
OS S 9 < VOtttttbi: tX 
fi, ^t^/Hc&5 l 3 ©MOS hy^&xplctt^X 

FF©WW*tf3« so 9<DMOS2>stfc$fcS5;6>kcodJ;*j 
ir..t9 0NLt«^©fl«s o 8<ciBi*. VI. x-co 

X/HSOSeKWciBir^-CS 0 7wflS«r*< L/CM&fP 

©tt. 5 0 7 teflMLfc J: 5 ICib«aa«>ft«fffflft«r* 

m&mm?m*>vi.2, vi.3B/mc|bil-c, *©w^ 

«tN3!MOStftfji::4£ 0 W4i^*vuo?£ 
[00 18] 

BEUJA«>ft»*Cl!a-eiHW-r5WcJ:9. SE£S£!tt^ff 

^*©*eft**^***^ *4i**i«£ 



(4) ttlffl 2000-111867 

6 

ttEttt* **«fc-r * fe ft »*a*rJBtt-J *3Ra»» < 

Jm&&mtrt& w t A«*rtB£ 45. 
[131 1] «BW©»*H1 «ISfimjfi«r»t-«AWtt«: 
2 ) tE^fKaOW^H^BHlOF c h -MO S 

[@ 3 ] te #<3#&#&?§ttMWM&ooN c h —mo s 

[ISfl 4] ^^^r?r^%0*£il^[HlB^^I. 

[Ms] *«93^ffiH2^®J:£ii^lEl»&wP c h-MO 
[1*6] it»P®i : ^M 

LCD Reference Vo 1 Uge Gen 

orator Wt&X V*E5&4=in]?& 

20 BUFFER AMP Wfi»5$©±^^f"^ 

^^^^Sfr.ft(04-C/l^?-^7*PT^iH^fc^ 

r>? 

COMPARATOR 

LOAD K&«£ftA^0?«Kftfflfiai* 

vdd 

vss -totfc&SE 

vi »iattAxn*fliE 

V2 02roft'&ttltfgb: 

V3 ffl3 60Wc^SJJ6tEE 

30 VL1 JBlottbWWBhEUM 

v r. 2 £2 0«AraEWBH-:m;& 

vi- 3 & 3 <7>?sg,S4^s*-:/]i/j 

VC £flKtt!3ttJ: 

Pch Output PiSMOSW^J 

Nch Output NT<S!MOSfcU.*J 

L O ADR c s i s t o r tfttttftft 

LCD Drive Waveform SfcAEJEft 

25 

40 Vb \ a s tt«»brai : .mAfi]8FMmp9 

r 1 ffifli£*»j:«4=NK&»s i n&m 

R 2 ffii?i£9»l:«£ligie»n2 «>Rtt 

R 3 KA£»R8fiES£glK<8«3 4>ifi*L 

R 4 fffiAKIPttE«4:EIK«)S4 otrjerat 
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□ BLACK BORDERS 
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sTfaded text or drawing 

C3 blurred or illegible text or drawing 
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□ gray scale documents 
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